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Abstract 

Purpose This paper aims to sort the literatures on life cycle 
assessments (LCA) by their respective importance through 
citation and co-citation analysis and to further discuss the 
strengths and weaknesses of these kinds of scientometric 
methods in the case of LCA research. 

Methods CiteSpace II was used to generate document co¬ 
citation networks based on 3,824 articles retrieved from the 
ISI Web of Science database on this topic. 

Results Table 1 provides the top 50 highest cited documents 
in the LCA field. Here, we use two indicators, i.e., citation 
frequency in citation analysis and betweenness centrality met¬ 
ric in co-citation analysis, to measure the importance of these 
LCA literatures. 

Conclusions Citation and co-citation analysis are useful for 
environmental scientists and engineers to get a better under¬ 
standing of the inner structure of LCA research. However, like 
all other research methods, this kind of analysis has some 
limitations. On the one hand, Scientometric studies and related 
software are very dependent on ISI Web of Science database, 
but considering the ISI Web of Science only began to track the 
LCA field fairly recently, the Scopus database would probably 
give a fuller picture. On the other hand, since the essence of 
scientometrics analysis is outsiders commenting insiders, so 
with only citation and co-citation analysis, to our understand¬ 
ing of the past, present, and future of LCA field, is insufficient. 

Keywords Betweenness centrality metric - Citation 
frequency CiteSpace II Document co-citation analysis - Life 
cycle assessments • Scientometric method 
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1 Introduction 

Scientometric studies investigate the structure of scientific 
research mainly based upon citation and co-citation analysis. 
Newton (1965) said, “If 1 have seen farther, it is by standing 
on the shoulders of giants”. The achievements of modem 
scientists are also owing to the fact that they can continue 
to work on the basis of their predecessors and peers. As 
an essential part of research papers, particularly in the 
sciences, is the list of references pointing to prior publications. 
A reference is the acknowledgment that one document gives 
to another; and a citation is the acknowledgment that one 
document receives from another (Narin 1976). In general, a 
citation implies a relationship between a part or the whole of 
the cited document and a part or the whole of the citing 
document (Malin 1968). Citation analysis is that area of 
bibliometrics which deals with the study of these relationships 
(Smith 1981). 

As one of the most important and lately developed method 
in citation analysis, co-citation analysis enables us to identify 
the groups of scientists and their publications from which 
conclusions can be drawn about the inner structure of research 
disciplines, schools, or paradigms (Small 1980). There are 
many co-citation networks, one of which generated in this 
study is document co-citation networks. Document co-citation 
analysis measures the number of documents that have cited a 
given pair of documents (Small 1973). It assumes that authors 
whose works are related are repeatedly cited together, and 
they tend to group together when analyzed, while other au¬ 
thors are rarely or never cited together. Co-citation analysis 
changes over time as the co-citation frequencies of particular 
works change with new developments in the focus of research 
efforts in a field. For example, if papers A and B are both cited 
by paper C, they may be said to be related to one another, even 
though neither directly cites the other. If papers A and B are 
both cited by many other papers, they have a stronger 
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relationship. The more papers they are cited by, the stronger 
their relationship is. Overall, co-citation analysis is better than 
mere citation analysis or just looking at the statistics for 
documents or authors from the Institute for Scientific 
Information (IS1) Web of Science database, although the latter 
also has its unique value. Because the co-citation analysis 
explores the relationships not only between citing and cited 
but also among citation networks, so it is a more in-depth 
approach and now has become the dominant method for the 
empirical study of the scientific structures and communica¬ 
tions. Moreover, unlike traditional research output evaluation 
methods such as impact factors, co-citation analysis is per¬ 
formed at the article level, rather than the journal level. This 
clear advantage of co-citation analysis allows us to evaluate 
scientific research performance at an interdisciplinary level, 
since with journal-level classification, each scientific journal 
is classified into a major field, despite the fact that journals are 
progressively covering a wider array of disciplines and topics 
that are not properly reflected in their field categorization. 

Certainly, both the methods of citation and co-citation 
analysis are not perfect and can be misused, so here some 
critical words are given upon this method. On the one hand, 
some deficiencies of co-citation inherited from, and so has the 
same problem with the citation analysis. For example, the 
complexity of motivation may cause many citations irregular¬ 
ities such as “citing without using” or “using without citing”. 
As to the citations motivation, Garfield (1965) believed that 
there are 15 kinds of them including “Paying homage to 
pioneers,” “Giving credit for related work (homage to peers),” 
and so on. Brooks’ analysis (1986) of the clustering of the 
citer motives showed three groupings: the first including 
persuasiveness, positive credit, currency, and social consen¬ 
sus; the second is negative credit; and the third including 
reader alert and operational information. Other issues of both 
the citation and co-citation analysis include that open access or 
earlier published literatures, under the same conditions, tend 
to get more citations. 

On the other hand, there are still some problem only occur¬ 
ring in co-citation analysis, and the most controversial among 
them is how to measure the similarity. Small used Salton 
cosine (Small and Sweeney 1984; Small 1993) or Jaccard 
coefficient (Small 1973) to measure the similarity between 
literatures, while White and Griffith (1981) mainly used 
Pearson correlation coefficient to calculate the similarity 
between authors. In 2003, Ahgren et al. (2003) pointed out 
that Pearson correlation coefficient does not meet the 
two necessary conditions for the similarity measures and 
suggested methods of cosine and chi-squared distance used 
here; while in 2006, Leydesdorff (Leydesdorf and Vaughan 
2006) proposed a view that both the Pearson correlation 
coefficient and cosine measure are not suitable for symmetric 
matrices, but fit for non-symmetric matrices. Although 
the discussion has been intense, academia now is still no 


consensus on the similarity measure method in co-citation 
analysis. 

It must be pointed out that citation and co-citation analysis, 
on the whole, are excellent quantitative research methods, in 
nearly 60 years of development history, their effectiveness and 
efficiency have been proved in many scientometric re¬ 
searches, and the defects of citation and co-citation analysis, 
compared to their advantages, is apparently minor. And this 
paper aims to sort the literatures on life cycle assessments 
(LCA) by their respective importance through citation and co¬ 
citation analysis with further discussing the strengths and 
weaknesses of these kinds of scientometric methods and what 
environmental scientists and engineers, especially LCA prac¬ 
titioners and researchers, can and cannot know from these 
analyses. 


2 Data and means 

The data used in this article come from the Web of Science 
database which is published by the ISI in the USA. The data 
retrieval strategy in the present paper is the following: 

Topics = (life cycle assessments) 

Refined by: Document Type=(ARTICLE) 
Timespan=All Years 

Databases=SCl-EXPANDED, SSCI, A&HCI, CPCI-S, 
and CPC1-SSH. 

Lemmatization = On 

The full bibliographic records including authors, titles, 
abstracts, and reference lists for 3,248 articles were retrieved 
and downloaded in January 25, 2012. CiteSpace II was used 
to generate co-citation networks. CiteSpace is developed by 
Chaomi Chen from Drexel University (http://cluster.cis. 
drexel.edu/~cchen/citespace/). 


3 Findings 

Table 1 lists the top 50 highly cited documents in the LCA 
field using document co-citation network analysis. Different 
from the majority of studies conducted with CiteSpace, in the 
present research, CiteSpace is not treated primarily as a 
“knowledge domain visualization” tool that paints a picture 
of how science grows and evolves over time (Chen 2004). We 
treat CiteSpace simply as a calculation tool and try to establish 
a comprehensive and multidimensional index system using 
several already-established and validity-verified indicators 
in CiteSpace to assess the academic level of specific scientific 
publications of various research topics including the 
Wenchuan earthquake (Qian 2012), bioenergy (Qian 2013a), 
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The analytic hierarchy process: planning, priority setting, Saaty McGraw Hill 1980 
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psycho-oncology (Qian 2013b) as well as LCA, which are 
evaluated by using this method. 

Here, we use two indicators for measuring the importance 
of these LCA research studies. One is the citation frequency, 
the use of this indicator constituted the basis of citation anal¬ 
ysis; if an academic literature cited very few, its scientometric 
significance or value seems lower, so only the top 50 high 
cited and used documents are selected for further analysis in 
this paper. And the other is Freeman’s betweenness centrality 
metric (Freeman 1979) as an indicator of co-citation analysis, 
which was used by Leydesdorff (2007) in scientometric re¬ 
search. Betweenness centrality is a measure of a node’s cen¬ 
trality in a network. It is equal to the number of shortest paths 
from all vertices to all others that pass through that node. 
Betweenness centrality is a more useful measure (than just 
connectivity) of both the load and importance of a node. In the 
perspective of scientometrics, literatures with higher value in 
betweenness centrality usually play a very important role in 
the process of transferring information. 

4 Discussion 

Citation and co-citation analysis, like any other quantitative 
analysis, depends on the correctness and accuracy of data and 
algorithm included, and this kind of correctness and accuracy 
are always relative. So in order to make the evaluation more 
scientific, objective, and fair, we should, firstly, note whether 
our sampling bias; secondly, keep open attitude to other 
algorithms; thirdly, integrate qualitative and quantitative anal¬ 
yses. Below are further discussions from two aspects 
contacting the theme of this article, i.e., sorting the literatures 
on LCA by their respective importance through citation and 
co-citation analysis with further inquiring into what environ¬ 
mental scientists and engineers can and cannot know from 
these analyses. 

On the one hand, different lists of names tell us different 
things about the research community. Since there are some 
bibliometric analysis methods other than co-citation analysis 
and not always through CiteSpace, such as an alternative 
method proposed by Cobo et al. (2011), and the Essential 
Science Indicators produced by the Thomson Reuters group, 
also describes the most influential documents and emerging 
research fronts, is another. But the design of these methods is 
not flexible enough compared to the use of CiteSpace II, so 
related software and algorithm, without prejudice to their 
validity, should be simplified and made compatible as much 
as possible. 

Maybe as the characteristics of environmental engineering, 
we can see in Table 1, the nine of ten “top citations,” or the 
vast majority documents with highest value in centrality, are 
actually “grey” literature (standards, reports, etc. but not jour¬ 
nal articles), and these kinds of documents often cannot be 


retrieved directly from the ISI Web of Science. Similarly, we 
can see from the list of authors in the table of analysis results 
that actors other than academic researchers, such as the 
Society of Environmental Toxicology and Chemistry 
(SETAC) people, the United Nations Environment Program 
(UNEP) people, journals staffs and editors, consultants, and 
government commissioners and officials make up a signifi¬ 
cant part of the LCA “eco-system.” Considering that the ISI 
Web of Science only began to track the LCA field fairly 
recently (Baumann 2002a, b), the Scopus would probably 
give a fuller picture, or better still, Google Scholar. Until 
now, many scientometric software applications, such as 
CiteSpace, cannot be used to analyze the Scopus database. 
Here, related scientometric software that is not only user- 
friendly but also compatible with more types of databases or 
algorithms should be devised so that environmental science 
researchers can easily use it for analysis in their fields of study, 
such as LCA. 

On the other hand, citation and co-citation analysis are 
useful for environmental scientists and engineers, particularly 
newcomers to this field, to get a better understanding of the 
inner structure of LCA research and to leam what the most 
important documents in this area are; however, these analyses 
on LCA research also need to position themselves. Although 
no direct evidence is given in this paper to justify the meth¬ 
odological choices, many co-citation analyses of other disci¬ 
plines using CiteSpace II, such as the classic study by 
Chaomei Chen (2006), can indirectly prove the effectiveness 
of this approach. Of course, like all other research methods, 
citation and co-citation analysis also has some limitations, at 
least in the case of LCA research. In the view of the author, 
these quantitative and computational analyses should be 
transcended in some ways so as to help newcomers to the 
LCA community better. 

Since the essence of the scientometrics analysis is outsiders 
commenting insiders, so in the end of this paper, I must say that 
with only scientometric and bibliometric analysis, our under¬ 
standing of the past, present, and future of LCA is insufficient, 
and in some cases, it is of little help to newcomers to this field. It 
is suggested that not only the results of citation and co-citation 
analysis should be learned but also the classical works them¬ 
selves listed on the results of document co-citation analysis, 
such as the ISO standards and the article by Klopffer (2002), be 
carefully read. It is also strongly recommended that at least the 
series of historical papers published in the International 
Journal of Life Cycle Assessment, such as the writings of 
Hunt and Franklin (1996) and the latest research articles on 
LCA field published in social science journals, such as the 
article of Freidberg (2013), are to be carefully studied. This is 
because compared to the computational analysis, historical 
papers can help us better understand the foundations of LCA, 
and the economics and sociology papers on LCA may tell us 
the present situation of LCA and the direction it will take. 
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